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LUMINANCE SUPPRESSION POWER 
CONSERVATION 

FIELD OF THE INVENTION 

[0001] This invention relates to systems and methods that 
provide power conservation for an electronics device. More 
particularly, the present invention relates to reducing poWer 
consumed by a display employed by the electronics device 
by suppressing luminance of video information output on 
the display device. 

BACKGROUND OF THE INVENTION 

[0002] Video output consumes a signi?cant amount of 
poWer for a laptop or desktop computer. Other computing 
systems and electronics devicesisuch as handheld comput 
ing devices, cellular telephones and MP3 playersialso 
devote a large fraction of their poWer budget to video. PoWer 
consumption sensitivity increases for portable devices rely 
ing on a battery that offers a limited energy supply. 

[0003] Current poWer conservation techniques alter an 
entire image at once. Most techniques uniformly shut doWn 
a display or unvaryingly modify all video output in an image 
after some predetermined time, regardless of the video 
information presented. These techniques usually impede a 
person’s ability to see graphics items and further use the 
computing device. Frequently, a person responds by reacti 
vating the entire displayiat full poWer. As a result, little 
poWer is saved. 

[0004] Based on the foregoing, it should be apparent that 
alternative poWer conservation techniques Would be desir 
able. 

SUMMARY OF THE INVENTION 

[0005] The present invention provides systems and meth 
ods that reduce poWer consumption for an electronics device 
including a display. The systems and methods alter video 
information in a display area and reduce poWer for a display 
device When a graphics item is enlarged and the enlargement 
threatens to increase perceived luminance for the graphics 
item or increase aggregate luminance for the display area. 
Altering the video information reduces the luminance of 
video information in at least the graphics item, When 
enlarged. 
[0006] According to the area affect of human visual pro 
cessing, siZe of a graphics item on a display area will affect 
the perceived brightness of the graphics item and display 
area. An enlargement often increases perceived brightness of 
the graphics item. The enlargement may also contribute to an 
increase in total (or aggregate) luminance for the display 
area. 

[0007] The alterations may then reduce luminance gained 
by perception When a graphics item increases in siZe. If the 
graphics item is smaller than the display area after enlarge 
ment, then other video information in the display area may 
also be altered to conserve poWer. As a result, perceived 
brightness of a graphics item or aggregate luminance of a 
display area may not signi?cantly change When the graphics 
item enlarges, but poWer consumption may. 

[0008] Aggregate luminance output over a display area 
may be used as a guide for video information alteration. In 
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one embodiment, an initial aggregate luminance of the 
display area before any change serves as a comparator for 
luminance suppression, Where neW video information (such 
as an enlarging WindoW) is altered so a neW aggregate 
luminance for the display area does not exceed the initial 
aggregate luminance. 

[0009] For ongoing poWer conservation, a reference 
aggregate luminance may also be set. In a steady luminance 
embodiment, changing video information is altered to main 
tain aggregate luminance about equal to the reference, e.g., 
Within an error band, or less than the reference. Luminance 
may then be suppressed at or under the reference as user 
activity proceeds. 

[0010] In one aspect, the present invention relates to a 
method for reducing poWer consumed by an electronics 
device that includes a display. The method comprises 
increasing siZe of a graphics item to create a larger graphics 
item. The method also comprises altering video information 
for at least a portion of the larger graphics item to produce 
an altered larger graphics item that includes a reduced 
luminance. The method further comprises displaying the 
altered video information. The display device consumes less 
poWer When displaying the altered larger graphics item than 
Would be consumed for the larger graphics item Without the 
video information alteration. 

[0011] In another aspect, the present invention relates to a 
method for reducing poWer consumed by an electronics 
device. The method comprises displaying initial video infor 
mation that contributes to an initial aggregate luminance 
output by the display device. In response to neW video 
information for output on the display device, Where the neW 
video information Will lead to a neW aggregate luminance 
for the display device that is greater than the initial aggregate 
luminance, the method also comprises altering the neW 
video information to produce altered video information that 
contributes to a reduced aggregate luminance for the display 
device that is less than the neW aggregate luminance. The 
method further comprises displaying the altered video infor 
mation. 

[0012] In a luminance suppression aspect, the present 
invention relates to a method for reducing poWer consumed 
by an electronics device. The method comprises determining 
an aggregate luminance reference for output of video infor 
mation by the display device. The method also comprises 
maintaining aggregate luminance output on the display 
device less than or about equal to the aggregate luminance 
reference by altering neW video information for output on 
the display device. 

[0013] In yet another aspect, the present invention relates 
to computer readable medium including instructions for 
reducing poWer consumed by an electronics device. 

[0014] In still another aspect, the present invention relates 
to a system for reducing poWer consumed by an electronics 
device that includes a display device. The system includes a 
monitoring apparatus designed or con?gured to determine 
When a graphics item enlarges and display of the enlarged 
graphics item Will increase aggregate luminance for a dis 
play area of the display device. The system also includes a 
poWer conservation apparatus designed or con?gured to 
alter video information included in the enlarged graphics 
item to produce altered video information. The altered video 
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information contributes to a reduced luminance for the 
enlarged graphics item or a reduced aggregate luminance for 
the display device. The display device consumes less poWer 
When displaying the altered video information than Would be 
consumed Without the alteration. 

[0015] These and other features of the present invention 
Will be presented in more detail in the folloWing detailed 
description of the invention and the associated ?gures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1A illustrates video information output on a 
display device suitable for use With a laptop computer or 
desktop computer. 

[0017] FIG. 1B illustrates the exemplary enlargement of a 
graphics item displayed on the display device of FIG. 1A. 

[0018] FIG. 1C illustrates video alteration and luminance 
reduction of the enlarged graphics item of FIG. 1B in 
accordance With a speci?c embodiment of the present inven 
tion. 

[0019] FIG. 1D illustrates full screen siZe enlargement of 
a graphics item displayed on the display device of FIG. 1A. 

[0020] FIG. 1E illustrates video alteration and luminance 
reduction of the full siZed graphics item of FIG. 1D in 
accordance With another speci?c embodiment of the present 
invention. 

[0021] FIG. 2A illustrates an exemplary handheld com 
puter device. 

[0022] FIG. 2B illustrates the handheld device of FIG. 2A 
after initiation of a program that alters aggregate luminance 
output by a display device included in the handheld device. 

[0023] FIG. 2C illustrates the handheld device of FIG. 2B 
after alteration of video information for the program, Which 
suppresses aggregate luminance for the display and reduces 
poWer consumption in accordance With a speci?c embodi 
ment of the present invention. 

[0024] FIG. 3 shoWs video information alteration for an 
exemplary pixel in accordance With one embodiment of the 
present invention. 

[0025] FIG. 4A illustrates a process How for reducing 
poWer consumed by an electronics device in accordance 
With one embodiment of the invention. 

[0026] FIG. 4B illustrates a process How for reducing 
poWer consumed by a display device in accordance With 
another embodiment of the invention. 

[0027] FIG. 5A illustrates a system for reducing poWer 
consumed by a display device in accordance With one 
embodiment of the present invention. 

[0028] FIG. 5B illustrates a system for reducing poWer 
consumed by a display device in accordance With a speci?c 
embodiment of the present invention. 

[0029] FIG. 6 illustrates an exemplary computer system 
suitable for implementing the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0030] The present invention Will noW be described in 
detail With reference to a feW preferred embodiments thereof 
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as illustrated in the accompanying draWings. In the folloW 
ing description, numerous speci?c details are set forth in 
order to provide a thorough understanding of the present 
invention. It Will be apparent, hoWever, to one skilled in the 
art, that the present invention may be practiced Without some 
or all of these speci?c details. In other instances, Well knoWn 
process steps and/or structures have not been described in 
detail in order to not unnecessarily obscure the present 
invention. 

[0031] Generally, human perception of visual information 
is a combination of the physical composition of a light beam 
(spectral composition, intensity, etc.), physiological pro 
cesses in the human eye, physiological processes in the optic 
nerves as a consequence of light stimulus in the eye, and 
processing of these optic stimuli in the brain. 

[0032] Human vision employs a number of processing and 
information reduction mechanisms that convert light and 
potentially tremendous amounts of ambient visual informa 
tion into a manageable biochemical signal. The main infor 
mation reduction mechanisms include: edge detection, shape 
detection, motion detection, and foreground/background 
separation. Foreground/background separation divides an 
environment to into a foreground Where relatively more 
information is processed (e.g. alloWs more detail, such as 
looking closely at an insect in hand) and a background Where 
less information is processed (e.g. provides less detail, such 
as the ambient room). Motion detection reduces detail for 
moving objects to alloW motion processing (e.g., Watching 
the insect ?y through a room, albeit at loWer detail than 
When in hand). Edge detection converts continuous color 
and luminance information or objects into lines (e.g., con 
verting a uniform color square into four lines). Shape 
detection alloWs a person to recogniZe objects using lines, 
such as outer contours that resemble a shape for the object 
(e.g., a checkerboard based on its knoWn arrangement of 
adjacent squares). While these mechanisms are useful to 
reduce the volume of information sent to the brain, they also 
create imperfections in visual perception. 

[0033] One human vision imperfection relates to lumi 
nance processing. The eye handles a Wide range of lumi 
nance: from starlight at about —2 log cd/m2 to sunlight at 
about 5 log cd/m2. The eye manages this Wide range, albeit 
With some processing defects. For human vision, colors and 
images covering a large area tend to appear brighter than 
colors covering a smaller area. This is referred to as the ‘area 
effect’. The effect is often encountered in selecting paint 
samples from a sWatch. Selecting paint colors to be painted 
on a large Wall using a small color sample having a small 
area often results in perceived errors. After looking at small 
samples and selecting a paint (color and luminance) that 
looks good, people sometimes ?nd that the same color looks 
too bright When painted on the Wall. 

[0034] The present invention uses this imperfection in 
visual processing to alter video information and reduce 
poWer consumption by a display device. According to the 
area a?fect, siZe of a graphics item on a display area will 
affect the perceived brightness of the graphics item and 
display area. Thus, a graphics item With White information, 
such as a Word processing WindoW, having a smaller area 
Will increase in perceived brightness When enlarged. The 
enlargement may also increase total (or aggregate) lumi 
nance for the display area, relative to What Was present 
before the change. 
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[0035] The present invention alters video information in a 
display area and reduces poWer for a display device When a 
graphics item is enlarged and the enlargement threatens to 
increase luminance for the display device. Altering the video 
information reduces the brightness4or luminanceiof the 
graphics item When enlarged. Thus, systems and methods 
described herein reduce luminance gained by perception 
When a graphics item increases in siZe. If the graphics item 
is smaller than the display area after enlargement, then other 
video information in the display area may also be altered to 
conserve poWer. Other changes in a graphics item that 
increase luminance may also be used as a trigger to alter 
luminance and conserve poWer. For example, luminance 
reductions and poWer conservation may also be performed 
When a program is initiated and a graphics item ?rst appears 
(and threatens to increase aggregate luminance for the 
display). 

[0036] In one embodiment, and according to the area 
affect, a person may not perceive a signi?cant change in 
aggregate luminance of the display device before and after 
the enlargement, despite video alteration for the neW graph 
ics item. In this case, the person may also not visibly 
perceive poWer conservation. 

[0037] Thus, perceived brightness of a graphics item or 
display area may not signi?cantly change When the graphics 
item enlarges, but poWer consumption may. As Will be 
described further beloW, OLED devices are current driven 
devices Where electrical current How to individual pixel 
elements varies With light output and the video information. 
Reducing luminance of the video information When the 
graphics item enlarges then reduces the amount of light and 
draWs less current for each pixel. For many LCD devices, 
combined luminance at each pixel of the LCD is a combi 
nation of backlight level and transmissivity of the video 
information using pixilated ?lters. To reduce poWer, one 
may alter video information so as to reduce transmissivity to 
the point Where a loWer backlight level may be used When 
displaying loWer luminance video information. Further 
description of hardWare poWer consumption and conserva 
tion is described in further detail beloW. 

[0038] Aggregate luminance is a term used herein to 
describe a sum of luminance for video information in a 

display area of a display device. In one embodiment, aggre 
gate luminance for a display area is found by summing the 
luminance values for each pixel in the display area. An 
average luminance of all pixels in the display area may also 
characterize the aggregate luminance for a display area. 
Alternatively, aggregate luminance may relate to an upper 
end of a histogram for video information in the display area. 
One upper end example is Where the aggregate luminance 
includes an average of the top x percent of luminance values 
in the display area, Where x can range from about 2 to about 
20 percent. Other mathematical expressions to de?ne an 
aggregate luminance for a display area are also suitable for 
use With the present invention. 

[0039] Aggregate luminance may then be used as a guide 
for video information alteration. In one embodiment, an 
initial aggregate luminance of the display area before any 
change acts as a comparator for luminance suppression, 
Where neW video information (such as an enlarging WindoW) 
is altered so a neW aggregate luminance for the display area 
does not exceed the initial aggregate luminance. 
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[0040] For ongoing poWer conservation, a reference 
aggregate luminance may also be set (e.g., according to user 
input). In another luminance suppression embodiment, 
changing video information is altered to maintain aggregate 
luminance for the display beloW the reference. In a steady 
luminance embodiment, changing video information is 
altered to maintain aggregate luminance about equal to the 
reference. As Will be discussed beloW, the present invention 
also provides other techniques to manage aggregate lumi 
nance for a display area that reduce poWer consumption. 

[0041] The present invention ?nds use With a Wide array 
of display devices and electronics devices. For example, 
desktop and laptop computers With 12-17" display areas, 
measured diagonally, are noW common and may bene?t 
from techniques described herein. The present invention is 
particularly useful for portable electronics devices poWered 
from a battery or other limited source of energy. Video 
conservation techniques described herein may signi?cantly 
extend battery longevity and useable time for the portable 
device. 

[0042] FIG. 1A illustrates video information output on a 
display device 40 suitable for use With a laptop computer or 
desktop computer. While the present invention Will noW be 
described as video information, graphics components and 
hardWare components, those skilled in the art Will recogniZe 
that the subsequent description may also illustrate methods 
and discrete actions for reducing poWer consumption for a 
display device and associated electronics device. 

[0043] Display device 40 displays video information, and 
may include a liquid crystal display (LCD) device, projector, 
or an organic light emitting diode (OLED) device. Other 
display devices and technologies are suitable for use With 
the present invention. 

[0044] Display device 40 outputs video information for a 
laptop or desktop computer Within a display area 44. Display 
area 44 refers to a current image siZe of a display device. 
Pixel dimensions may characteriZe the siZe of display area 
44. Physical dimensions (e.g., inches) that span an image 
produced by the display device may also characteriZe the 
siZe of display area 44. The display area 44 may be less than 
a maximum display area for the device, e.g., When a user 
manually alters horiZontal and vertical expansion of a CRT 
image. Linear dimensions for display area 44 output by a 
projector Will vary With the distance betWeen the receiving 
surface and projector output lens and a splay angle for the 
projector. The physical dimensions may be measured on the 
projected image, usually after any keystone distortion has 
been suitably corrected for, Which may also decrease the 
display area relative to the maximum display area. To 
facilitate discussion of LCD based poWer savings, device 40 
Will also be referred to as an LCD. 

[0045] An electronics device, such as a desktop, laptop or 
handheld computer, often runs a graphics-based user inter 
face 42. The graphics-based user interface 42 facilitates 
interaction betWeen a user and the laptop computer and/or 
betWeen the user and one or more programs run on the 

computer. Interface 42 also controls video information out 
put on display device 40. 

[0046] The video information refers to data for display to 
produce a visual representation of some form. The video 
information data is typically stored in a logical manner using 
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values assigned to pixel locations, according to a pixel 
arrangement used for storing the data. Exemplary color 
schemes suitable for assigning values to video information 
are described beloW. The pixel arrangement may include a 
resolution that may or may not match a resolution for display 
device 40. For example, picture video information may be 
stored as a bitmap of a certain resolution for output on LCD 
40. 

[0047] Video information output on LCD 40 currently 
includes graphics items 45 and 47, icons 41 and background 
48, as shoWn in FIG. 1A. In general, the present invention 
is not limited to any video information output on display 
device 40. Graphics items 41, 45, 47 and 48 are each for 
display as discrete visual objects and include video infor 
mation related to a program stored and/or run on the 
computer. Popular programs include Word processing pro 
grams, ?le navigation programs, Internet BroWsers, draWing 
programs, music player programs, and video games, for 
example. Rectangular WindoWs are common graphics items 
and may vary in siZe from a maximum siZe that roughly 
spans display area 44 to smaller siZes Within display area 44. 
The rectangular WindoWs may also be operated in mini 
miZed states Where the program is active but the graphics 
item is not visible. A toggle 49 alloWs sWitching betWeen 
these states, and triggering the toggle to a visible state may 
also threaten to increase luminance and initiate video alter 
ation. For FIG. 1A, graphics item 45 includes a rectangular 
WindoW that corresponds to a Word processing program, 
While item 47 includes a Window that corresponds to a ?le 
navigation program. Background 48 represents a backdrop 
graphics item for graphics-based user interface 42, and may 
include a picture, single color or other backdrop graphics. 
Icons 41 include initiation shortcuts to programs available to 
a user via the graphics-based user interface 42. 

[0048] Display area 44 includes an initial aggregate lumi 
nance before any changes to video information included 
therein. Several techniques for quantifying an initial aggre 
gate luminance Were described above. The video informa 
tion in each of graphics items 41, 45, 47 and 48 contributes 
to the initial aggregate luminance. The ratio of contribution 
Will depend on the quanti?cation tool used, the siZe of each 
graphics item, and the video information included in each 
graphics item. 

[0049] Graphics items 41, 45, 47 and 48 may each include 
their oWn bitmap comprising an array of pixel values. This 
alloWs video alteration as described herein to occur sepa 
rately on an individual graphics item, if desired. 

[0050] FIG. 1B illustrates display device 40 With enlarge 
ment of graphics item 45 to produce an enlarged graphics 
item 45a. FIG. 1C illustrates video alteration and luminance 
reduction of the enlarged graphics item 45b in accordance 
With a speci?c embodiment of the present invention. 

[0051] According to the area affect, a predominantly White 
Window 4511 increases perceived luminance of the WindoW 
as it increases in siZe. 

[0052] This enlargement Will also potentially lead to a neW 
aggregate luminance for the display device 40 that is greater 
than the initial aggregate luminance. The neW aggregate 
luminance refers to the aggregate luminance caused by the 
changeibefore any poWer conserving video alterations are 
applied. The neW aggregate luminance may be quanti?ed 
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using similar techniques used to quantify the initial aggre 
gate luminance. In one embodiment, the larger siZe graphics 
item 4511 is not displayed before a poWer conservation 
alteration is applied (FIG. 2B is not seen by a user). 

[0053] In response to the change in siZe, and to reduce 
poWer consumption, the present invention alters video infor 
mation for at least a portion of the larger graphics item 45a. 
This produces a reduced aggregate luminance for display 
area 44. As shoWn in FIG. 1C, luminance for central White 
(or off-White) portions of larger graphics item 45a are 
reduced to produce altered larger graphics item 45b, Which 
contributes to the reduced aggregate luminance. 

[0054] The amount of alteration may vary according to 
poWer conservation system design. At the least, the video 
information is altered such that the reduced aggregate lumi 
nance is less than the neW aggregate luminance (that Would 
have resulted from the enlargement Without poWer conser 
vation). In one embodiment, the video information is altered 
such that display area 44 provides a reduced aggregate 
luminance that is less than the initial aggregate luminance 
for area 44 before any enlargement of WindoW 45. 

[0055] In a steady luminance embodiment, the video 
information is altered such that the reduced aggregate lumi 
nance is about equal to the initial aggregate luminance. This 
steady luminance technique avoids producing an aggregate 
luminance change4or ‘?icker’iresulting from a change in 
siZe for a graphics item. This may also avoid user perception 
of the luminance change, and thereby avoid perception of 
the poWer conservation. 

[0056] Instead of aggregate luminance for the entire dis 
play area 44, the present invention may use a portion of the 
display area 44 as a luminance reference. In one embodi 
ment, the luminance reference estimates luminance initially 
provided by a graphics item and uses this as a basis for 
comparison and poWer conservation. For example, aggre 
gate luminance for graphics item 45 may remain at some 
initial. or predetermined level as the user changes (increases 
and decreases) siZe of the Word processing WindoW. In this 
case, the present invention applies the area affect and poWer 
conservation only to the changing WindoW. The predeter 
mined aggregate may be input by a user or determined via 
poWer conservation control, at some reference siZe less than 
the display area 44. Aggregate luminance for the graphics 
item 45 may be dynamically determined using a sum of 
luminance values for all pixels in graphics item 45, or 
another aggregate luminance quanti?cation tool described 
above. As WindoW 45 siZe increases then, luminance 
decreases only for the WindoW 45 and not other portions of 
display area 44. In a speci?c embodiment, video information 
for WindoW 45 is altered such that luminance for the WindoW 
45 maintains a relatively constant level despite increasing 
siZe. This alloWs perceived luminance of the graphics item 
45 to not signi?cantly increase or change during siZe 
changes. 

[0057] PoWer conservation system design may ?exibly 
determine Which video information is altered for a graphics 
item (or the entire display area). For FIG. 1C, only White 
video information for internal portions of graphics items 45 
are altered. Since the internal White portion of larger graph 
ics item 4511 Will assume a signi?cant fraction of the neW 
luminance for graphics item 45b and for the neW aggregate 
luminance for display area 44 after enlargement, reducing 
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the luminance of the White portions Will signi?cantly affect 
the neW aggregate luminance for graphics item 45b and 
display area 44. 

[0058] Power conservation system design may also alter 
other video information in display area 44. Altering all video 
information in display area 44 provides a simple option that 
is useful With LCD devices. Portions smaller than the entire 
display area 44 may include one or more graphics items, or 
any other suitable portions of a display area 44. For FIG. 
1C, White portions in both the enlarged graphics item 45b 
and existing graphics item 47 are altered to reduce aggregate 
luminance and conserve poWer. Video information in icons 
and background 48, such as White clouds in a picture applied 
as background 48, may also be altered to contribute to the 
reduced aggregate luminance and poWer conservation. For 
an OLED device, each pixel affected Will lead to poWer 
conservation. 

[0059] Logic may be applied to determine Which portions 
are altered. For example, the portions may correspond to 
video information that passes a certain logical threshold. In 
one embodiment, all video information in display area 44 
With a luminance greater than the threshold is altered after 
enlargement to decrease aggregate luminance. A red, green 
and blue (RGB) threshold may be applied to the video data 
to determine Which portions are altered. 

[0060] For example, one logical ?lter may separate White 
portions of display area 44 for alteration. White is a very 
common color for a computer display; White areas are often 
encountered in a Word processing ?le, draWing program, or 
a ?le navigation menu and may constitute more than half of 
display area 44. For OLED display devices, White video 
information also consumes more poWer than other shades 
and colors. To reduce poWer consumption by altering White 
information in portions of an image, video information for 
output on the display device is separated into White and 
non-White video information. This involves de?ning What 
constitutes White. For example, a user or poWer conservation 
system designer may designate any video information 
greater than some threshold (e.g., video information having 
RGB values greater than 245 for each primary color Where 
the video information ranges from 0 to 255) to be White. 
Alternatively, the White threshold may comprise a speci?c 
shade of White. For example, the folloWing shades of White 
are suitable for use: SnoW White (255-250-250), Ghost 
White (248-248-255), Floral White (255-250-240), White 
Smoke (245-245-245), Old Lace (253-245-230), Linen 
(250-240-230), and Papaya White (255-239-213). 
[0061] After a de?nition of White has been established, 
enlarging (or other) video information is ?ltered according 
to the White threshold, and video information identi?ed as 
White is altered to reduce poWer consumption. As mentioned 
above, this may include White video information solely in 
the enlarged graphics item 45a, White video information in 
the entire display area 44, White video information solely in 
the portions of the display area 44 other than the enlarged 
graphics item 45a (e.g., background 48 and graphics item 
47), or combinations thereof. For FIG. 1C, White video 
information in both graphics items 45b and 47 has been 
reduced to decrease aggregate luminance output by display 
device 40. As the term is used herein, ‘White video infor 
mation’ refers to video information that has passed some 
threshold or criteria of Whiteness. One of skill in the art Will 
appreciate that there are thousands of shades of White. 
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[0062] The present invention advantageously permits a 
poWer conservation system designers and/or users to de?ne 
a thresholdiWhite or otheriand thus specify What infor 
mation is altered during enlargement of a graphics item 45 
and potential luminance changes resulting therefrom. 

[0063] Timing of the video alteration may vary. In one 
embodiment, video alteration occurs after input by a user 
that triggers the enlargement (e. g., enlarging the WindoW or 
initiating a program for the WindoW) but before the larger 
graphics item 4511 becomes visible. In this case, a user does 
not see neW aggregate luminance and FIG. 1B. For an 
enlarging WindoW as shoWn from FIG. 1A to FIG. 1C, this 
alloWs luminance of the graphics item 45 or luminance 
output by the display device to remain relatively constant 
and not ?uctuate from the initial level (FIG. 1A) to an 
increased aggregate luminance (FIG. 1B) and then back 
doWn to a reduced aggregate luminance after the alteration 
(FIG. 1C). This steady luminance may also reduce percep 
tion by a vieWer of any changes in luminance. 

[0064] The present invention decreases poWer consump 
tion for device 40 by altering video information output on 
the LCD. As Will be described beloW, the present invention 
alters video information such that LCD 40 can assume a 
loWer backlight luminance level that consumes less poWer 
than the previous level. In one embodiment, video informa 
tion is altered immediately upon an increase in siZe for 
graphics item 45. In this case, the present invention con 
serves poWer immediately and continually (as opposed to 
after some predetermined inactivity time). Graphics-based 
user interface 42 may also shut doWn the entire LCD 40 after 
some predetermined time of inactivity to further increase 
poWer conservation. However, poWer conservation accord 
ing to the present invention has conserved signi?cant poWer 
in the meantime. 

[0065] FIG. 1D illustrates display device 40 after enlarge 
ment of graphics item 45 (from FIG. 1A or FIG. 1C) to the 
full screen siZe of a display area 44. FIG. 1E illustrates 
video alteration and luminance reduction of the full siZed 
graphics item 45d in accordance With another speci?c 
embodiment of the present invention. 

[0066] This full screen enlargement Will produce a neW 
aggregate luminance for the display device 40 that is greater 
than the initial aggregate luminance. This enlargement Will 
also lead to an increase in perceived luminance for the 
graphics item 45. In response to the change in siZe, the 
present invention alters video information for at least a 
portion of the full screen graphics item 45d. This produces 
an altered full screen graphics item 45e, a reduced aggregate 
luminance for display area 44, and diminishes the luminance 
of portions of graphics item 45. Since full screen graphics 
item 45d Will dominate the neW aggregate luminance for 
display area 44 after enlargement, reducing the luminance of 
the White portions (or any other portions of graphics item 45) 
Will largely determine the neW aggregate luminance for 
display area 44. 

[0067] The reduced WindoW luminance or aggregate lumi 
nance employed in an alteration may vary With design. For 
FIGS. 1C and IF, the reduced WindoW or aggregate lumi 
nance may depend on a number of factors including: the siZe 
of graphics item 45 before and after the enlargement, the 
video information in graphics item 45, other video informa 
tion and graphics items in display area 44 (and their siZes), 
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the size of display area 44, power conservation system 
aggressiveness, etc. For example, siZe of display area 44 Will 
affect perceived brightness according to the area affect. LCD 
devices for desktop use including display areas over 17" and 
19" are noW common. Laptops offering ll"-l5" diagonal 
display areas are Widely available. In general, the larger the 
display area, the more gained by the area affect When 
maximizing siZe of a graphics items and the more aggressive 
video alterations and poWer conservation may be. Most of 
these factors are available to a poWer conservation system 
designer and may be accommodated for in system design to 
a) control aggregate luminance for any video information 
included on the display device, b) alter video information 
using aggregate luminance and video information contrib 
uting to the aggregate luminance, and c) tailor video alter 
ation to achieve a desired level of poWer conservation. The 
poWer conservation may or may not be overly apparent to a 
user, depending on system design. 

[0068] The present invention is not limited to any particu 
lar technique for reducing luminance in response to a change 
in video information. In general, video information alter 
ations may include any changes to video information output 
on the display device that lead to perceived changes in 
brightness. In one embodiment, the present invention con 
verts data to an HSL scheme and does video alteration in the 
luminance domain. Converting RGB video information to 
and from HSL video information provides a simple mecha 
nism to implement luminance control. In a speci?c embodi 
ment, the present invention sacri?ces minor changes in color 
quality When altering video information to achieve aggre 
gate luminance targets and tailor video changes. Generally, 
the human eye detects changes in luminance more readily 
than changes in color. While the human eye can differentiate 
about 10 million colors, this level of differentiation is 
usually achieved by making side-by-side comparisons. The 
human eye can only identify about 300 different colors from 
memory. Luminance and luminance differences are often 
more detectable, but vary With siZe of the image. 

[0069] FIG. 2A illustrates an exemplary handheld com 
puter device 20. FIG. 2B illustrates handheld device 20 after 
initiation of a program 26 that overtakes video output in a 
display area 23 and alters aggregate luminance output by a 
display device 22 included in device 20. FIG. 2C illustrates 
handheld device 20 after alteration of video information for 
program 26, Which suppresses aggregate luminance for the 
display 22 and reduces poWer consumption in accordance 
With a speci?c embodiment of the present invention. 

[0070] Handheld computer device 20 includes a display 
device 22 that displays video information. Individual pixel 
locations Within a display area 23 for device 22 permit 
allocation and addressing of video information displayed 
Within display area 23. Pixel dimensions and resolution may 
characteriZe display area 23. For example, display device 22 
may comprise an OLED display device that offers pixel 
dimensions of 480x640. The OLED device also permits 
video information changes for individual pixels to affect 
poWer consumption and conservation. 

[0071] Handheld device 20 runs a graphics-based user 
interface 24 Within display area 23. Interface 24 facilitates 
interaction betWeen a user and device 20 and/or betWeen the 
user and one or more programs run on computer device 20. 

To do so, interface 24 outputs video information on display 
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device 20. As shoWn in FIG. 2A, interface 24 currently 
displays a background 28 and a set of icons 26 that each 
correspond to a program available on device 20. The icons 
26 are displayed on background 28, Which includes its oWn 
set of background video information and provides a back 
drop environment for graphics-based user interface 24. 

[0072] Handheld devices 20 differ in video presentation in 
that display area 23 is small enough such that a user typically 
only displays one program at a time. This alloWs poWer 
conservation system design to leverage video output alter 
ations based on knoWledge that a program 26 being dis 
played probably largely determines the majority of video 
output on display area 23. 

[0073] FIG. 2A illustrates display area 23 before initiation 
of a program 26. An initial aggregate luminance for display 
area 23 is then determined by luminance contributions from 
the background 28 and icons 26. 

[0074] FIG. 2B shoWs display area 23 after initiation of a 
calendar program 26, Which mainly includes a White back 
ground 27 for the program and text. Display area 23 includes 
a neW aggregate luminance that is greater than the initial 
aggregate luminance. 

[0075] FIG. 2C illustrates display area 23 after alteration 
of video information in program 26 in accordance With a 
speci?c embodiment. In this case, only White portions, such 
as those in background 27, are altered to reduce aggregate 
luminance and conserve poWer. In another embodiment, all 
video information in display area 23 is reduced in lumi 
nance. 

[0076] Notably, the present invention conserves poWer 
Without substantially compromising usability of electronics 
device 20. More speci?cally, the video information is altered 
such that the person may still detect video information 
included in display area 23. Thus, a user may still read text 
and perceive other visual information relevant for interac 
tion after video information has been altered. As shoWn, a 
user may still perceive and read text included in a calendar 
or Word processing program (e.g., black letters) While White 
information in the program is minimally altered to an 
off-White state. 

[0077] While FIGS. 1 and 2 illustrate tWo speci?c elec 
tronics devices, poWer conservation techniques described 
herein are also Well suited for use With other electronics 
devices. Other exemplary devices include cellular tele 
phones, portable music players, digital cameras, and other 
portable computing and electronics devices. 

[0078] Having discussed exemplary electronics devices 
and display devices, video information representation and 
poWer conservation Will noW be described in further detail. 

[0079] Red, green, blue (RGB) color schemes are popular 
and suitable to characteriZe video information according to 
combinations of red, green and blue values. Video informa 
tion is often stored according to an RGB scheme. In many 
RGB based display devices, individual optical modulation 
elements receive commands for video output that include 
RGB values betWeen 0 and 255 to produce a desired video 
output for a pixel. For example, one greenish color may 
comprise red/green/blue values of 45/251/62. 

[0080] OLED display devices include a red, green, and 
blue individual light emitting diode or ?lter for each pixel. 
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For an OLED display 22 included in handheld computer 20, 
the amount of current sent to an individual light emitting 
diode or ?lter increases With each RGB color level betWeen 
0 and 255. Decreasing the RGB levels then reduces the 
amount ofpoWer for each diode and pixel. More speci?cally, 
altering White video information RGB values of 240/245/ 
227 to 235/235/235 reduces the amount of current sent to 
each individual light emitting diode for each pixel that emits 
the White color. The amount of poWer conserved for an 
OLED display device can then be determined by summing 
the poWer saved for all pixels in the display area that have 
been altered. 

[0081] LCD devices provide tWo degrees of freedom for 
controlling luminance: 1) different luminance levels pro 
vided a backlight and 2) graduated ?ltering by optical 
modulation elements for each pixel. FIG. 3 shoWs video 
information alteration for an exemplary pixel for an LCD 
device. Four luminance states 100a-d are shoWn at three 
different times: t=0, t=l and t=2. 

[0082] Scale 102 illustrates a number of backlight lumi 
nance levels 103 offered by a backlight used in an LCD 
device. As shoWn, the LCD provides ten discrete backlight 
levels 103, numbered from 0 to 10, Where 0 is off and 10 
represents the maximum luminance for the backlight. In this 
simpli?ed example, each increasing integer luminance level 
betWeen 0 and 10 provides a proportionate increasing lumi 
nance (each level represents about 10% the maximum 
luminance) for the backlight. More complicated backlight 
levels are contemplated and suitable for use. 

[0083] Transmissivity refers to the amount of light pas 
sage provided by optical modulation elements for a pixel. 
Many LCD devices include red green and blue (RGB) ?lters 
that act as optical modulation elements, Where each ?lter 
regulates passage of White light produced by the backlight 
through a colored ?lter element to produce red, green and 
blue light, respectively. Transmissivity may then be 
expressed using RGB values sent on control signals to each 
RGB ?lter. LCD devices including modulation elements that 
respond to RGB transmissivity values ranging from 0 to 255 
are common. The video information and transmissivity may 
also be expressed and converted to and from another video 
data scheme. An HSL color scheme characteriZes video 
output according to a Wavelength or color (hue), degree of 
purity of the color (saturation), and degree of brightness for 
the color ranging from black to White (luminance). Trans 
missivity may also then be expressed in HSL luminance. For 
example, luminance may be provided at integers betWeen 0 
and 240, Where Zero represents black (full ?ltering and 
blocking of light provided by the backlight) and 240 repre 
sents White (no ?ltering and blocking of light provided by 
the backlight). 

[0084] As the term is used herein, ‘combined luminance’ 
refers to a luminance perceived by a vieWer of an LCD 
device. This combined luminance combines luminance 
effects provided by a) the backlight and b) ?ltering provided 
by the optical modulation elements for each pixel. The 
combined luminance is typically limited to a maximum 
determined by the backlight level since the pixelated ?lters 
only reduce light currently offered by the backlight. For 
FIG. 3, maximum luminance for the LCD device corre 
sponds to a backlight level of 10 and luminance transmis 
sivity of 240. At backlight luminance level 9, the maximum 
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aggregate luminance for video data corresponds to a lumi 
nance transmissivity of 240 (t=3). Combined luminance for 
the pixel is designated as 104a-d for FIG. 3 at each time 
instance. 

[0085] Both the backlight level and the luminance trans 
missivity are controllable. LCD poWer conservation lever 
ages the tWo degrees of freedom in luminance control to 
reduce poWer for the LCD device. 

[0086] At time t=0, the illustrated high luminance pixel (a 
White pixel) includes a backlight level of 10 and luminance 
transmissivity of 240, Which corresponds to a maximum for 
the aggregate luminance and is designated as 10411. 

[0087] The present invention alters video information for 
the pixel. This may reduce transmissivity and luminance for 
the pixel and/or the backlight level. For the example at time 
t=l, the backlight level remains at level 10 but the video 
information is altered to reduce the luminance transmissivity 
to 228. This provides a combined luminance of 10419 (a less 
White shade). In this case, information has been altered but 
Without a backlight change, and no poWer conservation has 
been achieved. 

[0088] At time t=2, the backlight level still remains at 
level 10 but the video information is altered to reduce the 
luminance transmissivity to 224 (an even less White shade). 
This provides a combined luminance of 1040. Combined 
luminance of 1040 is noteWorthy because it approximately 
corresponds to the combined luminance of 104d provided by 
the LCD device for the pixel When the backlight level drops 
to level 9 and the luminance transmissivity returns to 240 (its 
original level). At this luminance, the backlight level may 
drop from level 10 to level 9 and the luminance transmis 
sivity increases from 224 to 240*W1Ih011l changing the 
combined luminance of 104 as perceived by a vieWer. PoWer 
consumption for the backlight and LCD device reduces 
When the backlight level changes from level 10 to level 9. 

[0089] Although the above example has been simpli?ed to 
illustrate tWo degree of freedom luminance control and 
poWer conservation using and LCD, the present invention is 
not limited to such simple expressions of backlit luminance 
levels and pixel transmissivity. The above example 
employed ten backlight luminance levels; other numbers of 
backlight luminance levels are contemplated. In general, the 
LCD device may include any number of backlight lumi 
nance levels. As the granularity of backlit luminance levels 
increases, so does poWer conservation and the ability to 
more readily use a loWer backlight level. The backlight 
luminance levels also need not correspond to simple frac 
tions of the maximum luminance or integer levels as 
described above. In addition, luminance transmissivity is not 
limited to expression using a range of l-240. Other lumi 
nance transmissivity and color schemes, such as normaliZed 
scales, are also suitable for use. As one of skill in the art Will 
appreciate, the number and characteriZation of backlight 
luminance levels Will depend on the LCD used, While the 
number and characteriZation of video information Will 
depend on the video scheme used to represent the video data. 

[0090] Combined luminance thus alloWs a designer to 
relate backlight luminance levels and pixel transmissivity 
for an LCD device, Which permits a designer to alter the 
video information and point the modi?cations toWards back 
light luminance reductions. A combined luminance model 
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may be built for a device that estimates luminance perceived 
by a user as a combination of backlight and pixilated 
transmissivity. For example, the combined luminance may 
be used to provide a ratio (or another suitable mathematical 
relationship) betWeen the backlight luminance levels and 
pixel transmissivity. 

[0091] Although the present invention has so far referred 
to alteration of video information for graphics items and 
single pixels, it is understood that an image Will include an 
array of video information and luminance values. A histo 
gram describes the frequency of pixel values (e.g., lumi 
nance or chroma) for an image. 

[0092] One embodiment of the invention sets a high 
luminance limit for the histogram after an alteration. The 
high luminance limit refers to a reference luminance level 
for the video information that may be used to guide alter 
ation, e.g., before changing a backlight luminance on an 
LCD device. Typically, the high luminance limit is near an 
upper limit of the luminance values in the image histogram. 
In a speci?c embodiment, the high luminance limit is the 
maximum luminance for the video information, and the 
maximum is altered to produce a neW maximum luminance 
for the altered video information that is less than the largest 
available luminance at the next backlight level. This 
alloWs\luminance for any pixel in the image to remain 
relatively constant (or produce little perceptible change) at 
the moment of backlight level change. 

[0093] Having discussed exemplary poWer reduction tech 
niques and electronics devices, poWer conservation imple 
mentation Will noW be described in further detail. 

[0094] FIG. 4A illustrates a process How 200 for reducing 
poWer consumed by an electronics device in accordance 
With one embodiment of the invention. While the present 
invention Will noW be described as a method and separable 
actions for reducing poWer consumption, those skilled in the 
art Will recogniZe that the subsequent description may also 
illustrate hardWare and/ or softWare systems and items 
capable of performing the method and actions. 

[0095] Process How 200 begins by displaying initial video 
information (202) that contributes to an initial aggregate 
luminance output by a display device. The video information 
includes any information output in a display area. This may 
include graphics items and other video information output 
by a program or electronics device to a user. For example, 
a graphics item may be displayed on the display device at a 
small siZe When a computer or program is ?rst started or 
during active usage When a user is interacting With the 
electronics device. 

[0096] User activity on the display device may include 
various actions that potentially decrease and potentially 
increase luminance, such as decreasing or increasing siZe of 
the graphics item. As mentioned above, triggering a toggle 
that activates a program to a visible state may also threaten 
to increase luminance and initiate video alteration. In addi 
tion, initiating a graphics item may include initiating a 
program corresponding to the graphics item. Regardless of 
the speci?c event, at some point, and in response to neW 
video information for output on the display device that Will 
lead to a neW aggregate luminance for the display device that 
is greater than the initial aggregate luminance, process How 
200 alters the neW video information to produce altered 
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video information (204). The altered video information 
contributes to a reduced aggregate luminance for the display 
device that is less than the neW aggregate luminance. 

[0097] Aggregate luminance output by the display device 
may be used as a reference for alteration. In one embodi 
ment, a reduced aggregate luminance for the altered video 
information is less than the initial aggregate luminance for 
the original video. In another embodiment, the reduced 
aggregate luminance is about equal to, or Within a prede 
termined error band of, the initial aggregate luminance. This 
steady luminance technique reduces user perception to any 
luminance changes and poWer conservation. 

[0098] The video information is altered such that the 
display device consumes less poWer after the alteration. 
More speci?cally, the display device consumes less poWer 
When displaying the altered video information than Would be 
consumed for display of the neW video information. For an 
OLED device, this usually includes reducing one or more 
RGB values for the pixilated video information. Alteration 
may also include reducing transmissivity and luminance of 
video information to generate a neW high luminance that is 
less than or about equal to a second backlight luminance 
level offered by the backlight. Conversion betWeen RGB and 
HSL alloWs changes to be readily implemented using lumi 
nance values. This also maintains hue and saturation, 
although the present invention also Works Well With altering 
these if desired. 

[0099] The altered video information is then output to the 
display device and displayed (206). 

[0100] The present invention also alloWs a poWer conser 
vation designer to set an aggregate luminance reference. The 
reference then acts as an upper limit for luminance output on 
the display device. When neW video information threatens to 
include a neW aggregate luminance that is greater than the 
reference, then the video information is altered to maintain 
the upper reference. FIG. 4B illustrates a process How 210 
for reducing poWer consumed by a display device in accor 
dance With this embodiment of the invention. 

[0101] Process How 210 begins by determine aggregate 
luminance reference for output of video on a display device 
(211). A poWer system designer may set this luminance 
reference, for example. Alternatively, a user may implement 
the luminance reference When setting a poWer conservation 
scheme. A poWer scheme refers to a collection of poWer 
options that dictate hoW and When video information is 
altered to reduce poWer consumption. In one embodiment, a 
poWer conservation system is stored on a computer and 
implements a poWer conservation scheme Without user 
input. In another embodiment, a graphics control, Which 
opens in a separate WindoW upon initiation, alloWs a user to 
set a poWer scheme or one or more poWer options corre 

sponding to techniques described herein. Parameters set by 
a user may include the aggregate luminance reference, a 
luminance reference for graphics items such as White Win 
doWs, trigger events, suppression for certain programs (such 
as movie players), speci?c histogram techniques used, other 
poWer conservation parameters described herein, etc. 

[0102] After the reference has been established, process 
How 210 monitors user activity and video output Within the 
display area (213). Process How 210 continues to monitor 
activity over time and reacts according to any user activity 
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that threatens to increase luminance in the display area 
(216). If user activity occurs in the display area that Will 
increase luminance, process How 210 then alters video 
information (204). This maintains aggregate luminance out 
put on the display device less than or about equal to the 
aggregate luminance reference. 

[0103] In a steady luminance embodiment, process How 
210 uses the reference to maintain aggregate luminance 
about the reference as the video information changes. An 
error band of the reference may also be employed, Where the 
reduced aggregate luminance after alteration is Within a 
predetermined error of the reference. 

[0104] In another embodiment, a luminance reference is 
set for a graphics items such as a White WindoW, typically at 
some predetermined siZe. Increases in siZe above this pre 
determined siZe may then reduce luminance for the graphics 
item, While decreases in siZe relative to the predetermined 
siZe may increase luminance. This maintains steady lumi 
nance for the graphics item. 

[0105] The altered video information is then output to the 
display device and displayed (206). The reduced aggregate 
luminance caused by the alteration consumes less poWer for 
the display device than Would be consumed Without the 
video information alteration. 

[0106] The present invention also relates to systems for 
conserving poWer for an electronics device or display 
device. FIG. 5A illustrates a system 150 for reducing poWer 
consumed by a display device 158 in accordance With one 
embodiment of the present invention. While the present 
invention Will noW be described as an apparatus composed 
of units, those skilled in the area Will recogniZe that the 
present invention encompasses a method, process or soft 
Ware having as steps the actions performed by each unit and 
described beloW. 

[0107] System 150 comprises monitoring apparatus 154 
and poWer conservation apparatus 156. In general, system 
150 may comprise any combination of softWare and hard 
Ware for carrying out actions described herein. In one 
embodiment, monitoring apparatus 154 and poWer conser 
vation apparatus 156 are implemented solely in softWare 
stored on a computer and run by a processor (such as a video 
or graphics chip or main processor). In another embodiment, 
general-purpose computer processing units, instead of dedi 
cated hardWare, implement the monitoring and video alter 
ation techniques described herein. 

[0108] Coupled to system 150 are input device 152 and 
display device 158. Input device 152 alloWs a user to 
position a pointer Within a display area of display device 
158. Some popular input devices include a mouse, a posi 
tion-sensing pad on a laptop computer, a stylus Working in 
cooperation With a position-sensing display on a PDA, a 
positioning knob included on a keyboard of a laptop com 
puter, one or more arroW keyboard keys, one or more buttons 

on a PDA, etc. 

[0109] Monitoring apparatus 154 is designed or con?g 
ured to monitor user activity in a display area for display 
device 158. In particular, monitoring apparatus 154 deter 
mines When a graphics item enlarges and display of the 
enlarged graphics item Will increase aggregate luminance 
for a display area of the display device. To do so, monitoring 
apparatus 154 observes video activity on display device 158 
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and notes When video information changes. Monitoring 
apparatus 154 may also maintain or access a register of 
aggregate luminance references, or calculate aggregate 
luminances based on user activity. Events that apparatus 154 
may detect include When a graphics item enlarges, When a 
program is initiated, When a program is toggled from inac 
tive status, or any other event that threatens to increase 
luminance on the display. 

[0110] Monitoring apparatus 154 may also process digital 
information from input device 152 that describes spatial 
input from a user and is con?gured to access digital repre 
sentations of spatial areas for individual graphics items in 
the display area. Monitoring apparatus 154 then compares 
digital information from input from device 152 and the 
digital representations, and characterizes the user activity. 
On one or more output lines, monitoring apparatus may 
output user activity information including: a) aggregate 
luminance for one or more graphics items, b) aggregate 
luminance for the display area, and c) temporal information 
related to user activity, such as an amount of time that an 
image has maintained an active or inactive status. 

[0111] PoWer conservation apparatus 156 is designed or 
con?gured to alter video information included in an enlarged 
graphics item. This produces altered video information and 
contributes to a reduced luminance for the enlarged graphics 
item or a reduced aggregate luminance for the display 
device. Several suitable techniques that reduce poWer con 
sumption for display device 158 based on video information 
alterations Were discussed above. PoWer conservation appa 
ratus 156 outputs the altered video information to display 
device 158. While apparatus 156 has been described as a 
discrete device, those skilled in the art Will realiZe that 
apparatus 156 may include softWare that outputs a control 
signal useful for altering video information. 

[0112] Display device 158 displays video information. In 
one embodiment, display device 158 outputs video infor 
mation onto a screen including array of individually addres 
sable pixels. Display device 158 receives the altered video 
information from poWer conservation apparatus 56, or a 
buffer included in or associated With apparatus 156, and 
displays the altered video information. 

[0113] Display device 158 varies its poWer consumption 
With video output. In one embodiment, display device 158 
varies poWer consumption With the spatial distribution of 
light output in a display area. One such display device 158 
employs organic light emitting diodes (OLED) for video 
output. OLED displays are current driven devices Where the 
intensity of light output from an OLED display is propor 
tional to electrical current. PoWer output for an OLED 
device spatially varies by controlling and modulating elec 
trical current levels for individual light elements that are 
arranged for each pixel. For a color display, each pixel 
usually comprises three OLED light element assemblies: 
one for red light, a second for blue light, a third for green 
light. Each assembly produces a color of light directly or 
uses a colored ?lter, and RGB values are produced according 
to current input proportional to an RGB value, such as from 
0 to 255 or normaliZed in a range from 0 to 1. Reducing 
RGB values for individual pixelsisuch as reducing RGB 
values for altered White video information as described 
hereinireduces poWer consumption for each assembly and 
each pixel. Cumulatively, this reduces current and poWer 












